Although polypharmacy is considered to be one of the problem areas which doctors have to be aware of, few studies have looked into the development of polypharmacy over time. Those that have done so have found an increase in the extent of polypharmacy over time. [1] [2] [3] [4] These studies, however, have used only a limited number of measurements in time, and are therefore of limited value with regard to the development of drug use over time. A more recent study found that 50% of the elderly using three or more drugs started additional treatment in the following 2 years, supporting the evidence of increasing polypharmacy over time. 5 However, the study provided little information about the underlying mechanisms of the increase in polypharmacy. There is no information about the kind of diseases contributing to an increase in polypharmacy. Longitudinal studies can provide such information and may give clues about possibilities (or the need) for interventions. Objective. The aim of this study was to investigate the relationship between an increase in long-term drug use and the incidence and severity of some chronic diseases, particularly in the elderly.
Deterioration in health status (increase in number of diseases and worsening of diseases) has been described as relevant with regard to the development of polypharmacy. 6, 7 The effect of a deterioration in health also gives an indication of the limitation of what can be expected of interventions aimed at limiting polypharmacy.
Up until now, only a few studies have been undertaken on the development and progress of polypharmacy in relation to morbidity in general practices in The Netherlands. Dutch GPs are able to survey their patients' drug use; in view of medication control and medication advice, it is important for them to understand the development of polypharmacy. Tracing and observing certain high-risk groups will make supervision of drug use in general practice much easier.
In this study, we looked at the increase in polypharmacy in a 4-year period in relation to developments in morbidity, in particular the number of diseases and the kind of diseases causing polypharmacy.
Method

Study population
The study was based on a continuous database of morbidity [International Classification of Primary Care (ICPC) code] and medication (ATC code) in three general practices in the North of The Netherlands, participating in the Registration Network of Groningen (RNG). In this registration network, all symptoms, diagnoses and medications are registered prospectively and entered into a database. The study period was 1994-1997. The study was limited to 1544 elderly persons of 65 years and older for whom a complete data set over the study period was available.
Variables
Polypharmacy is defined as the long-term use of two or more drugs, long-term being defined as prescribed for at least 60 days per quarter per year. Three months seems to be a valid point-prevalence for measuring polypharmacy. 8 As a 'wash-in' period, we used the first quarter of 1994, resulting in an analysis of the development of polypharmacy starting from the second quarter of 1994. In The Netherlands, by law, prescriptions cannot be for longer than 3 months. Polypharmacy is characterized as minor (2-3 drugs), moderate (4-5 drugs) and major (Ͼ5 drugs). The development of polypharmacy has been calculated as the increase in the average number of longterm drugs used per quarter per patient, the increase being indicated by the b-coefficient over the 4-year period.
In order to get an idea of the rate at which polypharmacy develops, we compared the long-term drug use in 1997 with that in 1994. In doing so, the group that changed from no polypharmacy to polypharmacy was compared with the group that was known to have polypharmacy and also with the group which did not develop polypharmacy in the 4-year period. To gain a better understanding of the association between increase of polypharmacy and increase of morbidity, it was necessary to look into the long-term drug use and the morbidity per year for 1994 and 1997, respectively. A period of 3 months is too short to obtain a satisfactory idea of the morbidity, because patients do not necessarily have to consult their doctor concerning that particular disease, nor do they have to ask for and get prescriptions. The period for repeat prescriptions is mainly 3 months.
Inclusion criteria for morbidity were chronic diseases, clinically relevant for general practice, including: ischaemic heart disease, heart failure, atrial fibrillation, hypertension, diabetes, asthma/COPD, psychiatric diseases (such as dementia and other psychoses), diseases of the oesophagus, stomach and duodenum, feeling depressed and depression, vertigo and osteoarthritis/arthropathy (including rheumatoid arthritis and osteoporosis). Earlier studies have shown that the physician does not have a clear indication of many of the drugs taken by the elderly. 9 The use of drugs without proper indication is found frequently in polypharmacy. This concerns mainly the use of sedatives/hypnotics (65%), laxatives (8%), antidepressants (5%) and analgesics (4%). 10 Diseases were classified according to the ICPC; for the use of medication without clear indication, a special ICPC code (P18) was used. 11 The medication was classified according to the ATC classification. 12 Deterioration in health was measured by the incidence of disease episodes between 1994 and 1997, indicating the increase of all disease episodes of care per patient. A disease episode of care is the development of a disease from the moment a patient presents with it to the doctor to the end of the medical care for that problem. 13 As a second indicator of deterioration in health, we used the proportion of house calls in all face-to-face contacts, assuming that a deterioration in health is usually accompanied by an increase in house calls.
Analysis
The relevance of morbidity in the development of polypharmacy was analysed comparing the incidence over the 4 years of the selected diseases for patients whose drug use increased from no polypharmacy (0-1 drug) in 1994 to polypharmacy (ജ2) in 1997 (n = 293) with those whose drug use stayed the same throughout the whole period, i.e. the group with no drugs or one drug (n = 843) and the group that used two or more drugs over the whole period (n = 341). In the group with an increase of polypharmacy, we distinguished patients (n = 41) with a large increase (from 0-1 to Ͼ4) and those (n = 252) with a smaller increase (from 0-1 to 2-4). By means of variance analysis, the mean differences in disease episodes, face-to-face contacts and percentages of house calls were assessed. By means of multiple regression analysis, we assessed the predictive value of age, sex, chronic diseases and combinations of these already Family Practice-an international journal existing at the start of the research, with regard to polypharmacy at the end of the period.
Results
Polypharmacy was found in 634 persons in the cohort (n = 1544) at the end of the 4-year research period, and in 408 persons at the beginning of the research. The average age of the elderly with polypharmacy was 78 years; this group is older than the average of the whole group. Apart from the fact that the group aged between 75 and 84 years outnumbers, in percentage terms, the entire research group, this cohort does not differ from the total group of elderly patients regarding its composition (Table 1 ). In the last 3 months of the study, the elderly in the research group used an average of 3.6 drugs (SD 3), 1.7 (SD 1.8) of these being used long-term. The polypharmacy is mainly minor: 69% of the group of elderly patients with polypharmacy use 2-3 drugs long-term simultaneously (28% of the whole population) ( Table 2 ).
In the course of the 4 years, the mean number of drugs increased from 2.6 in the second quarter of 1994 to 3.6 in the last quarter of 1997; the long-term use increased in that period from an average of 1.3 (SD 1.6) drugs to 1.7 (SD 1.8).
The rate of increase of long-term drug use was about the same in both the minor and moderate polypharmacy categories, i.e. 40-48% (Fig. 1 ). In the major polypharmacy category, the percentage rate of increase was higher, i.e. 56%. In this respect, it should be noted that major polypharmacy also concerns the use of extremely large numbers of drugs (i.e. Ͼ8-10).
In Table 3 In order to study the relationship between the increase of polypharmacy and health status and morbidity, the group showing an increase from no polypharmacy to polypharmacy (n = 293) was compared with the group which continued to use one or more drugs in that period (n = 341) and with the group which continued to use no drug or just one drug (n = 843) ( Table 4) .
The average number of diseases increased most in the group of elderly patients who showed the greatest increase in long-term drug use. However, the average number of disease episodes in those elderly patients who showed an increase in drug use (1.6) does not differ significantly from those of the two groups whose drug use stayed the same (1.4 and 1.7, respectively). In the small group with the greatest increase in drugs, the proportion of house calls in the total number of face-toface contacts increased less than among those who showed a stable or slow increase in long-term drug use. The group that showed an increase in long-term drug use already had an important proportion of house calls in the total of all contacts (39%). The increase was small compared with the elderly with a small increase in longterm drug use, or those who mainly stayed stable.
In particular, the incidence of hypertension and atrial fibrillation is associated with an increase in polypharmacy [odds ratio (OR) 37.3 (95% CI 5.1-276) and 19.6 (95% CI 2.6-149), respectively]; the development of coronary ischaemia and psychotic complaints (mainly dementia) is associated to a lesser degree with the development of polypharmacy [OR 2.45 (95% CI 1.2-5.0) and 2.0 (95% CI 0.7-5.5), respectively] ( elderly group showing the greatest increase (n = 41), the incidence of hypertension, coronary ischaemic complaints and heart failure is higher than in the so-called slow increasers [OR 1.6 (95% CI 0.6-4.3), 1.7 (95% CI 0.6-4.9) and 1.7 (95% CI 0.5-5.4), respectively]. Asthma/COPD and diabetes also increase in this group with major polypharmacy, although to a lesser degree. Moreover, in this group of 'strong increasers', the incidence of drug use without a clear indication is strikingly high. Still more striking is the fact that the incidence of drug use without a clear indication decreases in the group of 'slow increasers'. The differences are, however, not significant compared with the group who show a slower increase in long-term drug use. The confidence intervals of the incidences in this group are large because of the relatively small number of 'strong increasers'.
The multiple regression analysis shows that besides age and the number of long-term drugs at the start of the study, the presence of hypertension, coronary ischaemic diseases, diabetes, atrial fibrillation, heart failure, or stomach disorders, and the use of drugs without a clear indication have a positive predictive value with regard to the number of long-term drugs at the end of the period (P Ͻ0.05). In particular, the number of long-term drugs that are used at the start of the study is the most reliable predictor (Table 6 ).
Discussion
The development of chronic polypharmacy is a slow process. In a period of 4 years, only 19% of the elderly changed from no or one drug to two or more drugs used long-term. In this period, the average long-term use increased from 1.3 to 1.7 drugs per person. This 31% increase is within the range of drug increases found in other longitudinal studies which show outcomes varying between 7 and 68%. [1] [2] [3] [4] [5] 14 The development of polypharmacy 265 The different results of the various studies can be explained by the variations in duration of drug use and the duration of the research period. Our study focuses on long-term drug use and covers a research period of 4 years. The few studies done on the development of drug use examined all drugs used, and the research periods varied from 4 to 10 years. Moreover, the method of collecting data (mainly by interview) as well as the representativeness of the study population account for the differences found.
For example, Stewart and colleagues examined prescribing practices in a retirement community in the USA over a 10-year period, but acknowledged that their study sample was highly selected and unrepresentative; all participants had to be healthy enough to attend and participate in the study. 4 In a longitudinal study in Sweden, all participants were 70 years of age at the start of the study and not representative of the Swedish elderly population. 14 Our patient population of the three general practices is comparable with those in other practices in the north of The Netherlands. 15 Nevertheless in our study too, selection bias is inevitable, because elderly patients who died, those who left the practices or those who were new to the practice during the study period have been excluded from the study. This involved a total of 653 elderly patients. On these grounds, one must assume that the cohort of the study is healthier than a random group of elderly subjects.
Polypharmacy develops slowly. A large increase is found in barely 3% of the group of elderly patients (n = 41) showing an increase in long-term drug use of from none or just one drug to four or more drugs. These findings correspond to the results from the study of Heerdink et al. They reported that it took people who did not use any long-term drug at all ~4 years to change over to one long-term drug. 5 Besides the increase in diseases and worsening of diseases, the literature also mentions other factors as being responsible for the increase in polypharmacy, i.e. ageing, moving to a residential or nursing home and hospitalization. 6, 7 The patient's expectations, the GP's attitude and consultations with several doctors have been associated with an increase in multiple drug use. 16, 17 Our study focuses mainly on increases in diseases and, in particular, a few chronic diseases.
The development of polypharmacy is not related to the increase in the number of diseases. This implies that polypharmacy may also develop in cases of just one disease, e.g. when deterioration of the health status sets in. The increase in the proportion of house calls-as a possible measurement of health status-in the group of elderly patients with the strongest increase in drugs and disease episodes is smaller, however, than in the group who show a slight increase or who stay mainly stable in terms of drug use. The proportion of house calls in this group of elderly patients was already quite notable at the start of the period; their health status obviously was already a reason for more house calls. In earlier studies, an increase in contact frequency was found among the elderly when their health was deteriorating and their comorbidity increasing. 18 The outcome of this study makes doubtful the assumption that an increasing percentage of house calls in relation to the total number of contacts indicates a deterioration of the health status. There are obviously other factors causing a deterioration of the health status, which were not assessed in this study.
Increasing polypharmacy in the elderly is mainly concomitant with the occurrence of atrial fibrillation, hypertension and, to a lesser degree, coronary ischaemia and dementia. Heart failure and use of medication without a clear indication play a part in the group of elderly patients who show a large increase in their drug use. However, the number of patients in this group was small (n = 41), so no absolute conclusions can be drawn regarding the increase in polypharmacy. Because of the small numbers in this study, we were not able to draw any valuable conclusions with respect to diseases such as dementia and depression.
The number of long-term drugs which a patient already uses is the best predictor of polypharmacy at the end of the study period. This is in agreement with the findings of other studies. 5.19 In particular, elderly patients who use more than four long-term drugs simultaneously are more likely to add yet another drug in a short time than those who use fewer than four long-term drugs. 5 The latter group took an average of a year and a half before a new long-term drug was added. Relevant morbidityrelated predictors of polypharmacy in the long-term are the occurrence of diabetes, coronary ischaemic heart diseases and hypertension. Also the use of drugs without a clear indication is concomitant with an increased risk of (more) polypharmacy in the future. It is remarkable that a large increase of polypharmacy is associated with more use of drugs without a clear indication, while, on the other hand, in the case of a slightly increasing or stable polypharmacy use even decreases over the 4-year period. In our case, this group comprises only a few elderly patients Ͻ41, some of whom may be considered responsible for this large increase. Earlier studies proved that the indications for sedatives/hypnotics, laxatives and analgesics in particular were ambiguous. 9 This presumably thus concerns a small group of elderly patients who make a strong appeal to the physician to prescribe medication, or who, in spite of the physician's explicit advice, are not inclined to stop taking these drugs.
In our study, the long-term drug use, i.e. longer than two-thirds of the research period, has been examined, resulting in a relatively small group of elderly people with moderate or major polypharmacy. Because the deceased elderly patients were excluded in order to be able to have a complete data set over the the entire period, the results in this study apply to relatively healthy people. This selection bias may cause underreporting.
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In the light of our results, it is clear that the possibility of reducing polypharmacy should not be overrated. The diseases most significant for developing polypharmacy usually need complex drug regimens. The best option to realize reduction lies in examining the drugs used without a clear indication, as this happens frequently in practices, particularly with regard to psychotropic drugs. Over the years, many approaches have been tried to tackle this particular issue, with varying degrees of success. [20] [21] [22] [23] From the point of view of medication control and high risk groups, surveillance and attendance to the elderly suffering from cardiovascular diseases is of great importance for the prescribing physician.
